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(54) Surgical laser having an annular beam 

(57) A laser 1 device, for use in ophthalmology, and optionally comprising a UV pulsed laser, has a beam distributor 3 
therefor located across the path of the laser beam 2. the distributor 3 being an optical system having, on a common optical 
axis. e.g. two taper lenses 5. 6 and a telescopic objective 7. and being capable of transforming a parallel cylmdrical beam 
from' the laser source 1 into a variable-diameter annular b eam 20 with a maximum diameter comparable with the 
diameter of a hyrsan-cornea 4. 
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SURGICAL LASERS 

The iDve:-.tion relates to nediclne, I.e., to opthal- 
Eology aad is concerned more soflciflcally vvltn devices 
for surgical treatiuent of ametropia (tbat Is, ayopia 
5 and hypermetropla) , 

One prior-art device for surgical treatment of 
ametropia Is known to comprise a UV pulsed laser and a 
distributor of laser radiation energy density over tbe 
laser beam cross-sectional area, said distributor being 
10 placed across the path" of the laser beam (cf, Hepoi't 
of the 'Centre Sclentlflque IBM', Paris, France, 
■ Document No! P104, 1986, K.Hanna et al., 'Sxclmer Laser 
Refractive Keratoplasty'), 

In the device mentioned above^tbe distributor of 
15 laser radiation energy density Is In fact a rotary disk 
provided with a slit having a preestUated shape. 

It is due to the effect of many laser pulses eclated 
with a preset ratio between the repetition frequency of 
radiation pulses and the slltted disk rotation frequency 
20 that the shape of the corneal surface is changed in order 
to correct ametropia. 

However, only part of the cornea is exposed to 
momentary Irradiation, said part depending on the snspe 
of the slit and on Its angular position at a jjlven instant 
iJ5 of time, which Impedes the obtaining of smooth surfaces 
of a preset profile, since each radiation pulse remo- 
ves a layer from the cornea having vertical walls, tne 
Shape of said layer following that of the silt. Hence the 
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required shape of the corneal surface is approximated 
by a stepped surface so that cany shallow-depth layers 
are to be removed in order to obtain a smooth surface. 
This extends the operating time, i.e., hampers the conduc- 
5 tion of an operative procedure, since it requires precise 
fixation of the patient's eyeball with respect to the 
laser beam for a prolonged period of time. Besides, the 
laser radiation energy is utilized but inefficiently, 
which also prolongs the operating time. The device is 
10 too complicated in manufacture, since the latter involves 
■ precision accuracy in making the slit and a mechanism 
for its rotation, accurate measurement of the slit angular . 
position and time correlation between the position of 
said slit and the instant of laser pulse emission. 
-5 Another state-of-the-art device for surgical treatment 

of ametropia, in particular, myopia is described in 'Am, 
Journ. of Ophthalmology', v. 103, 1.13, part II, ^.B.I^cDo- 
nald et al., 'Refractive Surgery with the Sfxcimer Laser} 
p. ^59, 19S7. 

20 In the device mentioned above the distributor of the 

density of laser radiation energy is made as a diaphragm 
placed across the path of the laser beam, the disinter 
of said diaphragm changing stepwise from pulse to pulse 
according to a computer program in such a manner that 

25 the shape of the corneal surface is changed for a required 
correction of myopia. 
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V/ith tbe use of said device, ss well as of tae 
device deV^i^>^<3 above, only part of tee cornea is 
ex.;o39d zo nior^entary irradiation, said psrt depenaing 
oa tbe dia^hra^sm diaineter at a ^iven instanu of time, 
7/hich icpedes the obtaining of a smooth corneal surface 
besides, many shallow-de jtn layers are to be removed 
fron tiid ccrneai surface, vrtiich extends operating 
tine, since iu requires precise fixation of tbe 
patienu's eyeball v;itn respect to tbe laser bean for 
a ^rolonsad period of tine* In addition, tbe laser 
radisuicn er.er/:y is utilized inefficiently, v;hicb 
also prolongs the opers-incJ tir.e. 

And one r.ore prior-art device for surgical treat- 
:r.eat of sr^etrocia is known uo coriprise a U7 ..ulsed 
laser and a distributor of laser radiation energy 
density over the laser bear, cross-sectional area, 
said distributor bein^; placed across tbe uatn of tne 
laser beam (PCT/SU 88/00280). 

In tbe device ir^ntioned above the distribuTJcr 
of laser radiation energy density is shaped as* an optic 
cell whose first and second optical v:indov;s disposed 
across the. path of tbe leser bean, ere zade of a ma- 
terial transparent to laser radiation, and the inner 
surface of said optical w.indov/s is shaped as a second- 
order surface of revolution, that is, a paracoloid, 
hyperboloid, or sphere, v;nile said optic ceil is 
filled v;ith a fluid nediun capable of partially scsor- 



8/31/05. EAST Version: 2.0.1.4 



-4- 



10 



bins laser radiatioQ, The abovesaid knowa device 
nakes it possible to obtain a smooth corneal surface 
of a required shape. 

However, the aforesaid device suffers from an 
inadequately efficient use of the laser radiation 
energy, since part of said radiation is absorbed 
by the medium contained in the optic cell, which 
prolongs tbe operating tiae. 

In addition, to make the windows of the optic 
cell shaped as second-order surfaces of revolution 
is a technologically complicated task, since the 
windo-s of the optic cells must be made to a precision 
accuracy, while any departure from a preset shape 
results in an affected accuracy of a preset shape 
of the patient's cornea. Preoperative sddustmeni; of 
tbe device is a sophisticated job as well. 

It is a primary and essential object of ohe in- 
vention to provide a device for surgical treatsient 
of ametropia featuring such a construction of the 
distributor of laser radiation energy density over 
the laser beam cross-sectional area that would cake 
it possible to utilize most efficiently the energy 
pf laser radiation and would at the same time be 
sufficiently simple in manufacture, which would enacle 
25 one to manufacture the device with a precision accuracy 
and thus to cut down the operating time and to add to 
the accuracy of a preset shape of the corneal surface. 



15 



20 
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We have now discovered that the above problems can 
be overcome by jE:he use of a distributor comprising 
laser-transparent lenses capable of focussing the beam 
Into an annulus. 

Thus, In a first aspect* there is provided a 
surgical laser device comprising a laser source and a 
beam distributor therefor, the beam distributor 
comprising a series of lenses capable of substantially 
transmitting all of the laser output directed thereon 
and focussing said output into a substantially annular 
beam. 

The invention particularly comprises a first taper 
lens of substantially conical proportions upon which the 
beam can be centrally directed through the base. The 
result is a divergent annular beam. This can then be 
focussed as desired, particularly with regard the 
purpose to be served, preferably ablation of the cornea. 

Suitable methods for focussing the resultant beam 
will be apparent to those skilled in the art. but it is 
preferred to use at least one further taper lens 
together with a telescopic objective to achieve a 
parallel beam. 

It is particularly desirable to provide for the 
controlled movement of a second taper lens, to permit 
expansion and contraction of the final beam width, the 
preferred range being over the diameter of a human 
cornea. 

In a preferred embodiment, there Is provided a third 
taper lens, especially an Inverted taper lens, with the 
telescopic objective being located between one and two. 
This permits focussing of the walls of the beam to a 
substantially o' width at a focal plane, for greater 
accuracy and effect. 

8/31 /OS. EAST Version: 2. 0. 1.-4 



The esseoce of the Invention residag In the 
fact that in a device for surgical treatment of amet- 
ropia, coEprlstns a UV pulsed laser and a distributor 
of laser radiation energy density over the laser 

5 beam cross-sectional area, said distributor being 

placed across the beam path, according to the invention, 
the distributor of laser radiation energy density 
over the laser beam cross-sectional area Is In fact 
an optical system, which incorporates arranged on 

^0 a common optical axis at least two taper lenses and a 
telescopic objective, and is capable of transforming 
a parallel cylindrical laser radiation beam into a 
variable-diaaeter annular beam, the maximum diameter 
of which is cor^>ar8ble with the human's corneal diar.eter, 

^5 The, distributor of laser radiation energy density 

of the proposed device for surgical treanment of amet- 
ropia nay comprise two taper lenses having equal • 
refractive angles and facing each other with their ver- 
tices, while the telescopic objective may be situated 

20 past the- second taper lens as along the pathv.-ay of the 

radiation beam* 

The distributor of laser radiation energy density 
may also comprise three taper lenses of which the 
second and third, as viewed along the radiation path- 
25 way, have equal refractive angles facing with their 
bases the laser, while the telescopic objective ray 
be located between the first and second taper l=r.3es 
as along the laser radiation path. 
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irioreover, tbe distributor of laser radiaoion 
energy density may comprise three uaper lenses facing 
with their base laser, while the telescopic objective 
may be placed between the first and second lenses, 

^ as along the laser radiation path, and the xinird lens, 
as along tbe laser radiation path, may be in fact an 
inverted cone and have a refractive angle equal 
to 90^-^ 9 where cL denotes tbe refractive angle 
of the second lens as along the laser radiation path* 

10 It is expedient, for all embodiments of the inven- 

tion, that the second taper lens, as along the laser 
radiation path, be movable along the optical axis. 

The device for surgical treatment of ametropia, 
according to the present invention, makes it possible 

15 to attain higher accuracy of a preset corneal shape 
due to a substantially cut down opergting tir:ie. Such 
a curtailing of the operative time results from rhe 
fact that the entire radiation flux emitted by T;he 
laser acts upon the corneal surface being treated 

20 at each instanr of time, while energy loss in i;he 
distributor of laser radiation energy density of the 
proposed device is minimized. Besides, the proposed 
device is readily amenable to adoustnent; for a preset 
amount of ametropia correction, said adjustment being 

25 effected by moving one of the taper lenses of said 

distributor with the aid of a stepped electric motor. 
To manufacture the taper lenses is a simpler technolo- 
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Sical task as coapared with the manufacture of che Dpcic 
cell windows, which are in fact second-order surfaces 
of revolution; so the device, according to the invention, 
is simpler in manufacture and can be made to an adequate 

5 decree of accuracy. 

In ^hat follows the invention will be eluc>laT;ed 
by a description of some specific exemplary embodiments 
thereof with reference to the accompanying drawings, whe- 
rein: 

EIG. 1 is a diagrammatic view of a device for sur- 
gical treatment of ametropia, according to the invention, 
in its embodiment comprising two taper lenses; 

PIG, 2 is a view of an embodiment of a device of 
FIG. 1, comprising three taper lenses; 
15 FIG. 5 is a view of an embodiment of a device of 
FIG. 2, featuring its third lens shaped as anJ^Eted 
cone ; 

FIG. 4 is a schematic view of a patient's eye at 
the stage of myopia treatment with the aid of the device 

20 shown in FIG. 1 ; 

FIG. 5 is the same as in FIG. 4 for hypermetropia 

treatment; 

FIG. 6 is a schematic view of a patient's eye at 
the stage of myopia treatment with the aid of the device 
25 shown in FIG. 2 or FIG. 3i and 

FIG. 7 is the same as in FIG. 6 for hj'persetroiJia 

treatment. 
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The device for surgical treatoent of aaetropia, 
that is, myopia and hypermetropia , as Gho\vn in FIG. 1 
comprises a UV pulsed laser 1 and a distributor 3 of 

c 

the density of energy of radiation of the laser 1 

^ over the cross-sectional area of a laser beam 2, said 
distributor 3 being placed across the path of the laser 
beam 2 so as to determine the diameter of the zone 
of surgery on a patient's cornea 4. 

The distributor 3 of laser radiation energy den- 

yjO sity is in fact an optical system incorporating two 
taper lenses 3 3nd 5 arraa^ed in tandem on a common 
optic axis, said lenses facing each other with xheir 
vertices and having equal refractive angles , and a 
telescopic objective 7 situated past the second taper 

15 lens 6 as along the path of the radiation of the laser 1. 
i^ll the optic elements mentioned a Dove are made of a ma- 
terial transparent to laser radiation, e.g., of quartz. * 
The second taper lens o, as along the path of laser radi- 
ation, is traversable along the optical axis with -she 

20 aid of a stepped electric motor 3 as in the embodiment 
described herein, and establishes, together with the 
first oaper lens 5i a pancratic system. The telescopic 
objective 7 consists of a train of convergent lenses 9 
and. a train of divergent lenses 10| ooth being calculated 

23 with due account of minimized aberration and being in 

a general case a variable-magnification telescopic system. 
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X 2 illustrates an embodiment of the herein- 

/ proposed device for surgical treatment of ametropia, 
wherein its distributor V ol radiation energy density 
comprises three taper lenses 5, 11* ''S, all of them 

5 facing with their bases the laser 1 and having equal 

refractive angles rC and a telescop ic objecti ve 13 inter- 
posed between the first lens 5 and the second lens 11 as 
along the path of the radiation emitted by the laser 1. 
All optic elements in said embodiment of the device are 

10 also made of a material transparent to laser radiation, 
such as quartz, while the second taper lens 11 as along 
the path of laser radiation, is movable along the opcical 
axis from the stepped electric motor 8. The telescopic 
objective 13 is con3ti::uted .by a divergent lens 14 and a 

15 convergent lens 15, both being also calculated with allo- 
wance for minimized aberration. 

FI5. 3 presents anoliier embodiment of the herein- 
proposed device for svirgioal treatment of ametropia, 
wherein its distributor 3" of radiation energy density 

20 incorporates also three, taper lenses 5» 11 and 16, all 
of them facing with their bases the laser 1, and a tele- 
scopic objective 13' comprised of a divergent lens 14' 
and a convergent lens 15' t "blie parameters of said lenses 
being other than those of the elements of the telescopic 

25 lens 13 (FIG. 2), the telescopic objective 13' aeing 
interposed between the first taper lens 5 (FIG. 3) and 
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the second taper lens 11 as along the path of the ra- 
diation emitted by the laser 1* Unlike the eabodiaent 
of the device mentioned .above, the third taper lens 15 
features inverted conicity asxl its refractive angle 

5 equals 90^- cc , where cL is the refractive angle of 
the first taper lens 5 and the seccnc. x^aper lens 11 
as along the path of laser radiation. All optic elements 
of the distributor 5" are likewise made of a material 
transparent to laser radiation, e.g^i qu:-rtz, v;hereas 

/]0 the second taper lens as along the path of laser radia- 
tion is traversable along the optical axis with the aid 
of the stepped electric motor 8. 

To select what an embodiment of the device for sur- 
.i;ical treatment of ametropia is to be used depends on 

15 how producible is said device and on the requirement as 
for minimized aberration of "che optical sys-cer. of t:^e 
device. 

The device presented in FIG. 1 is raore space-saving 
. but needs, higher accuracy of manufacture and is lUcre 
20 difficult to adjust. The embodiments of the device as 
shown in FIGS 2 and 3 provide for higher accuracy of our- 
gery, since they make use of focused radiation beaizs and 
feature the minimized aberration of their optical syotem. 
The devioe depicted in FIG. 3 is more ooaipact -han 
25 that shown in PIG. 2 though provision of the inverted- 
oonicity lens 16 therein complicates much its production 
technology. 
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The device for surgical trestmeat of ametropia, 
according to the inventioa, operates as follows. 

Operation of the device as shown in FIG, 1 will 
hereinafter be considered with reference to treatment 
5 of . myopia • 

It is common knowledge that the corneal surface 
of a normal eye can be described by the equation of a 
paraboloid of revolution having a radius H of curvature. 

The corneal surface 4 (FIGS 4, 6) of an eye affec- 
10 ted by myopia is also described by the equation of a 

paraboloid of revolution having a radius of curve uure 
at i;;s vertex less than in the case of a normal eye, 
i.e. , 'R^< R. 

For surgical treatment of myopia a layer should 
be removed from the cornea, said la;yer being bounded 
by two parabolic surfaces differing in curvature ana 
appearing as a hatched segment 17* 

V.hen treating myopia the parallel cylindrical radia- 
tion beam 2 emerging from the laser 1 (FIG. 1) and fea- 
20 turing its energy density uniformly distributed over the 
beam cross-sectional area (i.e., a circle with a diameter 
D), passes through the first taper lens 5 and is trans- 
. formed into a cone«-shaped beam 18 featuring the cone 
wall thickness equal to D/2»cosJb and an included angle 2^ 
25 of the cone-shaped beam, which depends on the refrac- 
tive angle oC and a refractive index 'n' of the taper 
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13 

leas 5s ' 

sin^i= (n^ 1 - Gin^cC - Jl - n^sin^<?C ) - sin ^ (1 ) 
Further on the laser beam 18, while passing 
throiigh the second taper lens 6 having the same ref- 
5 raotive angle cL is transformed into an annular beam 19 
featuring the thickness of annulus ^all equal* co I//2, 
while with the taper lens 6 steplessly moving along 
the optical axis by virtue of the stepped electric 
motor 3, the thus-forming annular beam smoothly changes 
10 its oucside diameter D^, Provision is made in the 

proposed embodijient of the device for a possibility of 
adjustia^ the value of within the liuits of a ring 
having the minimum diameter D (that is, when the ring 
is transformed into a circle and the rin^ diameter equals 
zero) and a raaximum-size ring having an outside dia;::e- 
ter , while the value of is related to the tra- 
velling of the taper lens 6 by the following equality: 

= D + 2^- t3/^ , (2) 
where ^ - is the amount of displacement of the caper 
20 lens 6 from its zero position (shown at Ref . 

No. 6' in FIG. 1), wherein D^=D, said equality 
holding true when a distance 'a' between "che 
vertices of the taper lenses 5 and 6 is selected 
according to the following expression: 



25 



a = - (L - —2 tgoc ) C3) 

2tgj!, 2 
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where is the diameter and L, the thickness of the 
taper leas 5* 

Having passed through the second taper lens 6 
the parallel radiation beam I9, whose cross-seotional 
5 area is annular- shaped, travels throiigh the telescopic 
oboective 7, in vtfhich said beam is transformed, with 
a magnification »K', likewise into a parallel annalar 
beam 20 having a variable outside diameter D2 and a 
wall thickness 'd'. Then the beam 20 is directed im- 
mediately onto. the cornea 4. The thickness •d' of the 
wall of uhe heam 20 is changed by steplessly varying 
the distance between the lenses 9 and 10 of the tele- 
scopic objective ?• 

Thus, D2=D^-K, where K is the magnification factor, 
15 which is less than unity, i.e., ccoss-sectional area 
of the beam 20 changes within the limits of the ring 
of a maximum diameter equal to Dg^D^^^- K and a circle 
having a maximum diameter of = D'^K. In thic case the 
diameter of = D^^^ K is comparable with the diameter 
2Q of the patient *s cornea 4. 

The thickness 'd« of the wall of the annular beam 20 
is selected so as to suit the conditions of surgery 
and. the parameters of the laser 1. It is desirable in 
this case to select the mLnimum possible value of »d' 
25with due account of the diffraction oharacteribtics of 
the radiation energy density distributor 3. 
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When the embodiment of the device, as shown 

in FIG, 2, for treatment of ayopia the parallel beaa 2 
emerging f^oni the laser 1 and featuring ius energy 
density distributed uniformly over the cross-section 

5 having the diameter D passes, like in the preceding 

embodiment, through the first japer lens 5 and is trans- 
formed into the cone-shaped beam 18 having the cone wall 
thickness equal to L/2 cos^ and an included angle 2/> 
of the cone-shaped beam. Further on the beam 18, while 

^0 passing i:hrough the train of the spherical lenses 14 
and 15 that constitu-ce the telescopic lens 13» is trans- 
formed into an annular beam 22 having a constant average 
diameter and a diminishing v;all thickness, a focal plane 21 
of said beam 22 intersecting the surface of the cornea 4 

13 and being square with the optical axis of the device. 

Then the annular beam 22, upon pas sijog the telescopic 
objective I5, travels through a cone-shaped varisole- 
aagnif ication telescopic system cons tituised by the 
taper lenses 11 and 12, wherein said beam is first crans- 

20 formed into a cone-shaped beam 25 and then into an annu- 
lar oeam 24 having a variable diameter 1)^ and a dimi- 
nishing thickness 'd* of its wall. 

The minimum cross-section of the beam 24 is es- 
sentially a circle with a diameter of 2d, the value 

25 of 'd* being selected so as to suit the conditions 
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of surgery and the parameters of the laser of the 
distributor The value of 'd' is selected to be 
the miniaum possijle and is largely determined by 
the diffraction characteristics of the distributor 3*. 
The diameter is changed to a required value which 
is attained by smoothly travelling the taper lens 11 
alon^s the optical axis with the aid of the stepped 
electric motor 8. 

In the embodiment of the device shown in 3, 
operation of the radiation energy density distributor 3" 
dif rers from that of the distribu-cor 3' of PIG. 2 in 
that the annular beam 22, upon passing through the "eles- 
copic objective 13S travels throL^gh a cone-shaped tele- 
scopic system established by the taper lenses 11 and 16, 
the latuer lens having inverted conicity, v:herein said 
beam is also transformed first into a cone-shaped bean 25, 
then into an annular beam 25 having a variable dia.-et;2r 
and the thickness 'd* of its wall diminishing as along 
the radiation path. The minimum cross-section of c^aid 
beam is also in fact a circle with a diameter of 2d, 
while the parameters of the beam 26 are also changed by 
smooth movement of the taper lens 11 along the opt;ical 
axis with the aid of the stepped electric .motor 8* 

The distributor 3" of FIG. 3 is more compact chan 
the distributor 3' of FIG. 2, since with the maximum values 
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of the diameter C°|^ of the annular beams 2) 
and 26 (FIG. 3) directed onto the cornea 4, a distance 
•c* between the bases of the taper lenses 11 and 16 
that oonstitabe the cone-shaped telescopic system in 
the distributor 5", is at all times shorter than a 
distance 'b* between the bases of the lenses 11 and 12 
in the distributor 3», that is, an inequality c < b is 
always satisfied. 

It is oomu^on knowledge' that exposure of biolOoical 
tissues to the effect of remote UV radiation resulus 
in ablation (evaporation) of such tijsues, while the 
thickness of the tissue layer being ablaced is in direct 
proportion to the >^nersy density within a certain range 
of the radiation energy density values. 

In the course of surgery, interaction of "che ef- 
fective laser radiation beam 20 (?IG. 1) with the cornea 4 
results in removal of the segment 1? (?IG. 4). The similar 
segment 1? (FIG. 6) is removed also due to inter3CT;ion 
of the beams 24 (FIG. 2) and 26 (FIG. 3) v;ith the 
cornea 4. Irradiation starts from the central zone of 
the cornea 4 wich the maximum diameter of the effective 
radiation beam and is carried out in such a manner zhat 
the exposure time is reduced as the diameter of the ef- 
fective beam increases. Appropriately selected irradiation 
conditions results in removal of the segment 17 (FIGS 4 
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and 6 ) of the ooraea which is bounced by two para- 
bolic surfaces of revolution of which one is the myo- 
pia-affected corneal surface, while the other is the 
surface of the cornea 4 after its having been exposed 

5 to the effect of the radiation of the laser l.(FIGS 1, 
2, 3). Irradiation is carried out prior to elimination 
of myopia (i.e., the hatched ssgment 17 in FIGS 4, 6). 

The corneal surface of a hypermetropic eye is 
described by the equation of a paraboloid of revolution 

10 having a radius Rg of curvature at the vertex exceeding 
that in the case of a normal eye, i.e., > R. For 
surgical treatment of hvpermetropia a layer should be 
removed from the cornea 4, which is hounded by t7;o 
different-curvature parabolic surfaces, i.e., a hatched 

^3 segment 27 (FIGS 5 and ?)• Surgical treatment of hyper- 
metropia is carried out in a way similar to that 
described for myopia, the sole difference residing in 
the fact that irradiation of the cornea 4 starts from 
its periphery, with the maximum diameter of the ef- 

20 fective radiation beam, and is performed with gradually 
reduced both the efiective beam dis-ieter and the irra- 
diation time. 

To promote understanding of the essence of the 
present invention, given bel:)W is a specific exejiplary 

25 embodiment thereof. 
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An embodimeat of the device for ourgical treatment 
of ametropia, aooording to the invention, as shown in 
FIG. 5 has been manufactured and tested. In order 
to alter the eye refraction of a test rabbit use was 

5 made of the radiation of the excimer laser 1 on A+F 
molecules and a wavelen^gth of 193 noi shaped into a 
parallel cylindrical beam having a diameter D = 6 mm. 

All stacic eleaenis of the distributor 3" of radiation 
energy density were made of optic quartz (n = 1.559)* 

^0 The first taper lens 5 having a convex sxirfaoe (i.e., 
direct conicity) and a refractive angle ct = 10* and the 
third taper lens 16 having inverted conicity and a ref- 
ractive angle 90° -<<.*s76« were fixed stationary, whereas 
the second taper lens 11 having direct conicity and 

^- a refractive angle <;<L '=14* travelled along the opcioal 
15 

axis for a distance 6= 150 mm, which enabled the value 
of Do to be adjusted within 8 and 0.5 mrr., with the ring 
wall thickness d = 0.25 on s const in the plane of the 
radiation effect. 

20 The repetition frequency of the radiation pulses 

emitted by the laser 1 equalled 15 Kz, the pulse energy 
changing within 100 and 300 mJ. As a result of sar'Sical 
procedures on 16 eyes of 8 experimental rabbits there 
was attained an alteration of the corneal refraction 

25 within 0.5 and 5 dioptr.es depending on the parameters 
of the radiation effect applied. 
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Practical application of the device, according 
to the invention, makes it possible to enhance the 
accuracy of a preset shape of the treated corneal sur- 
face eight- to tenfold as compared v;ith the similar 

5 device having a changeable diaphragm, to cut dov?n the 
operating tiae seven-to eight-fold, as against the afore- 
said device and three- to four-fold as compared with 
the device, wherein the distributor of radiation energy 
density is in fact an optic cell# 

. Such an enhancement of the accuracy of a preset 
shape of the treated corneal surface occurs largely due 
to a substantially curtailed operating tiae, which 
in tarn results from the fact that the entire radiant 
flux emerging from the laser 1 acts on the surface of 

1j? the cornea 4 being treated at every instant of time. 
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CLAIMS 



1. A surgical laser device comprising a laser source 
and a beam distributor therefor, the beam distributor 
comprising a series of lenses capable of substantially 
transmitting all of the laser output directed thereon 
and focussing said output into a substantially annular 
beam. 

2. A device according to claim 1, the distributor 
comprising at least one taper lens. 

3. A device according to claim 1 or 2, wherein the beam 
is focussed substantially parallel. 

4. A device according to claim 1, 2 or 3. the 
distributor further comprising a telescopic objective. 

5. A device according to any preceding claim, 
comprising 2 or 3 taper lenses. 

6. A device according to any preceding claim, wherein 
the width of the beam wall diminishes away from the 
final element of the distributor to a focal plane. 

7. A device according to any preceding claim wherein 
the width of the annular beam is adjustable between at 
least a range wherein the distance between walls of the 
beam is substantially 0 and an overall diameter of about 
the diameter of the cornea of a human eye. 

8. A device according to any preceding claim using 
pulsed UV laser light. 
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aC2. 

9. A surgical device compcising a UV pulsed laser and a 
beam distributor therefor located across the beam path, 
the distributor having, on a common optical axis, at 
least two taper lenses and a telescopic objective, and 
being capable of transforming a parallel cylindrical 
laser radiation beam to a maximum value comparable with 
the diameter of a patient's cornea. 

10. A device according to any preceding Claim, wherein 
the distributor comprises two taper lenses having equal 
refractive angles and with vertices facing each other, 
the telescopic objective being distal to the second lens 
along the laser path. 

11. A device according to any of Claims 1 to 9, wherein 
the distributor comprises three taper lenses, bases to 
the laser source, the second and third lenses distal to 
the source having equal refractive angles, the 
telescopic objective being interposed between the first 
and second lenses. 

12. A device according to any of Claims 1 to 9. wherein 

the distributor comprises three taper lenses, bases to 

the laser source, the telescopic objective being 

interposed between first and second lenses distal to the 

source, the third lens being shaped as an inverted cone 

o 

and having a refractive angle of 90 -a, where a 
denotes the refractive angle of the second lens. 

13. A device according to any preceding Claim and 
comprising at least 2 taper lenses, the second lens 
being movable along the optical axis. 

14. A laser device, comprising at least one taper lens, 
substantially as described hereinbefore with particular 
reference to any of the accompanying Figures 1-3. 
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